In addition to the four cytokinins, 6-(3-methyl-2-butenylamino)purine, 6-methylaminopunne and the cis and trans isomers of 6-(4-hydroxy-3-methyl-2-butenylamino)purine, reported earlier from our laboratories, three cytokinin-active fractions have been obtained from the aqueous medium of 6-day-old Corynebacterium fascians cultures. One of these has been identified as 6-(4-hydroxy-3-methyl-cis-2-butenylamino)-2-methylthiopurine (2-methylthio-cis-zeatin, c-ms2io6Ade).
Fasciation and modified growth of seedlings closely resembling symptoms of infection with Corynebacterium fascians have been induced in Pisum by soaking the seeds in high concentrations of kinetin (20) . That in fact these symptoms of infection by the bacterium might be due to its production of cytokinin was indicated by the ability of extracts of pure cultures to release lateral buds of Pisum from apical dominance in the same manner as kinetin (25) . Isolation of cytokinin-active material from aqueous cultures of the same stock5 was achieved by solvent extraction and chromatography. Three crystalline fractions with cytokinin activity as monitored in the tobacco bioassay were obtained (8, 10) . The most active fraction was identified as 6(3-methyl-2-butenylamino)purine (i6Ade) (6) , known at that time only as a synthetic, highly active cytokinin (5, 9) . The second fraction contained nicotinamide. Inasmuch as synthetic nicotinamide was inactive in the tobacco bioassay, the activity of the isolated material was ascribed to a contaminant. This cytokinin was recently identified as 6-(4-hydroxy-3-methyl-cis-2-buteny-I This work was supported at the University of Wisconsin by National Science Foundation Research Grant BMS72-02226 to F. S. and the University of Illinois by Research Grant GM-05829 from the United States Public Health Service National Institutes of Health to N. J. L. 2 Present address: Department of Botany and Plant Pathology, Oregon State University, Corvallis, Oregon 97331. 3 To whom requests for reprints should be sent. 4Present address: Merck Sharp and Dohme Research Laboratories, Rahway, New Jersey 07065. 5 A culture of Corynebacteriwn fascians was kindly given to us in 1964 by Professor K. V. Thimann. lamino)purine (cis-zeatin, c-io6Ade) (21) . The third active fraction found in 1966 contained N6-methyladenine, a weakly active cytokinin (12, 23) , but in amounts less than required to account for the activity of this fraction in the tobacco bioassay. Hence, another more potent cytokinin was assumed to be present as a contaminant and to be mainly responsible for the cytokinin activity in this fraction. We now report the purification and characterization of this cytokinin from Corynebacterium fascians culture medium as 6-(4-hydroxy-3-methyl-cis-2-butenylamino)-2-methylthiopurine (2-methylthio-cis-zeatin, c-ms2io6Ade).
MATERIALS AND METHODS
Growth of Corynebacterium fascians Cultures. The origin of the C. fascians strain used in this work and the culture methods employed have been described (21) . Cultures were harvested after 6 days growth at about 28 C (about 24 elution with 95% ethanol. Ethanol was redistilled prior to use, and water was triple distilled.
Bioassay of Cytokinin Activity. Cytokinin activity was determined in the tobacco bioassay as described (10, 19) and activity is expressed as kinetin equivalents (KE, the Ag of kinetin [6- furfurylaminopurine] required to give the same growth response as the test sample under the specified bioassay conditions).
Procedures for Identification of Cytokinin in Fraction 7 of Figure 2 . Ultraviolet absorption spectra in absolute methanol were determined with a Cary model 15 (2) .
The syntheses and properties of authentic c-io6Ade, t-io6Ade, c-ms2io6Ade, and t-ms2io6Ade used as standards in the identification of cytokinins in this study have been described (17, 27) .
RESULTS
Isolation of Cytokinins. A cytokinin-active peak that eluted after i6Ade, when partially purified extracts from 100 liters of C. fascians culture medium were fractionated on Sephadex LH-20 columns in 35% ethanol (21) , was recovered from the column eluates by evaporation in vacuo at 37 C. The solids were rechromatographed on Sephadex LH-20 in 9.5% ethanol. The elution profile for this column is shown in Figure 1 . The cytokinin activity eluted as a single peak.
Repeated attempts to purify the cytokinin further by paper chromatography in aqueous ethanol solutions eliminated some colored material but failed to separate the cytokinin activity from contaminating fluorescent material. Therefore, the cytokinin sample was rechromatographed on a Sephadex LH-20 column in distilled H20. The elution profile for this column is shown in Figure 2 . Two peaks of UV-absorbing compounds were observed, but cytokinin activity was associated with only the second peak. A synthetic sample of the cytokinin 2-methylthiozeatin, applied to the column after the fractionation was completed, eluted at the same position as the cytokinin-active peak.
Further purification of this C. fascians cytokinin was achieved by paper chromatography in 19% ethanol. A single UV-absorbing band was observed at about RF 0.5. To remove traces of fluorescent material, the compound was chromatographed three times under the above conditions. The UV-absorbing band eluted from the final chromatogram was taken to dryness in a stream of N2. This sample which contained about 1 A260 unit was used for structure determination. Using the extinction coefficient for ms2io6Ade (XEIOH) 279 nm (e15,800) and correcting for the fraction of the material used in bioassays, the final yield was equivalent to about 0.001 ,tmol/l of extracted culture medium.
Identification of Isolated Cytokinin. The above dried preparation (about 1 A260 unit) dissolved in absolute methanol had an UV-absorption spectrum practically identical with that of authentic c-ms2io6Ade. The data in Table I (2) . The elution volumes of authentic cis and trans isomers of ms2io6Ade and of the isolated cytokinin together with properties of the column and conditions used are given in Table III . The peak of isolated material which eluted from the Bio-Rad Aminex column at 223 ml, as compared with 222 for authentic c-ms2io6Ade, was concentrated to a minimal volume. An aliquot part was then freeze-loaded onto an emitter wire by the technique of Olson et al. (15) for determination of the field desorption mass spectrum. The spectrum at 10-mamp emitter current showed a single peak at mle 266 (protonation due to acidic conditions lead to strong M + H+ peaks), confirming that the high performance liquid chromatography peak was due to ms2io6Ade.
The isolated cytokinin was thus proved to be 6-(4-hydroxy-3-methyl-cis-2-butenylamino)-2-methylthiopurine.
Cytokiuin-active Ribonucleosides. In a confirmatory experiment with active material extracted from 200 liters of 6-day-old C. fascians culture medium, bioassays revealed two additional peaks of cytokinin activity in the profile from the Sephadex LH-20 column eluted with 35% ethanol. These peaks corresponding to the elution volumes of io6Ado (111 bed volumes) and i6Ado (1.7 bed volumes), and distinct from the elution volumes of io6-Ade, i6Ade, and ms2io6Ade (1.4, 2.1, and 2.4 bed volumes, respectively), suggest that trace amounts of these two ribonucleosides are also present in free form in the cultures. DISCUSSION This study brings to five the number of cytokinin-active N6-substituted adenine bases isolated from C. fascians cultures, four of which have been chemically characterized: c-ms2io6Ade in Table II Zeatin and its derivatives (cytokinins with one hydroxylated methyl group in the N6-isopentenyl side chain of adenine) have been considered to occur normally in autotrophic plants (22) including algae (24), but generally not in fungi and bacteria, and not in animals (22) . Their presence in saprophytic microorganisms has been restricted to pathogens and symbionts or species otherwise associated with overgrowth in plants. However, one apparent exception to such a functional association, the presence of ms2io6Ado in Pseudomonas aeruginosa tRNA, has been reported (26 
